Background--Higher body mass index (BMI) is associated with lower circulating levels of N-terminal-pro-b-type natriuretic peptide (NT-proBNP). The Interaction between BMI and NT-proBNP with respect to clinical outcomes is not well characterized in patients with acute heart failure.
Thus, the prognostic utility of NT-proBNP may differ between obese and nonobese patients, though this has not been well characterized in patients with acute HF. Given that the diagnostic and prognostic utility of NT-proBNP may be strongest in the setting of acute decompensated HF, 3 we examined the effect modification of body mass index (BMI) on the prognostic value of NT-proBNP levels during acute HF exacerbation in patients enrolled in the ASCEND-HF (Acute Study of Clinical Effectiveness of Nesiritide in Decompensated Heart Failure) randomized, clinical trial.
Methods

Study Overview
The authors are willing to make available the data, analytical methods, and study materials to other researchers for purposes of reproducing the results or replicating the procedure. The design and results of the ASCEND-HF trial have been previously reported. 10, 11 Briefly, ASCEND-HF was a global, randomized, double-blind, placebo-controlled trial evaluating the efficacy of nesiritide versus placebo, both in addition to standard care, in 7141 patients with acute HF. The trial enrolled patients from 398 centers across 30 countries. Detailed inclusion and exclusion criteria have been described previously. 11 Enrolled patients were required to have dyspnea at rest or with minimal activity, ≥1 accompanying sign, and ≥1 objective measure of HF. Of note, patients with BNP or NTproBNP within normal limits (ie, BNP <100 pg/mL or NTproBNP <125 pg/mL for subjects aged <75 years; NTproBNP <425 pg/mL for subjects aged ≥75 years) were excluded. The primary end point of the trial was a composite of all-cause mortality or HF rehospitalization at 30 days postrandomization.
Study Population
The present analysis included patients enrolled in the biomarker substudy of ASCEND-HF, which enrolled 687 patients in whom NT-proBNP levels were documented at baseline prior to randomization and at 48 to 72 hours after admission. If discharge occurred before 48 hours, blood samples were collected at discharge. If 1 of these values were missing, these patients were excluded from the biomarker substudy. Postbaseline values of NT-proBNP collected <36 or >96 hours were also excluded. Blood samples were obtained from venous sampling and placed in EDTA plasma tubes and were immediately centrifuged and stored at À80°C for analysis. NT-proBNP levels were determined by the VITROS NT-proBNP Assay (Ortho-Clinical Diagnostics, Raritan, NJ). The full analysis of the analytical and clinical performance of the VITROS NT-proBNP assay has been previously reported. 12 The assay has been shown to have acceptable levels of imprecision, a limit of detection of 4.29 ng/L, and a limit of quantification estimated to be 5.0 ng/L. All subjects gave informed consent. The primary end point for the present analysis was the composite of 30-day death or rehospitalization for HF. Secondary end points were 30-day death or all-cause rehospitalization, in-hospital worsening renal function, and 180-day all-cause death. The primary end point was adjudicated by an independent, blinded, clinical events committee. Hospitalization for HF was defined as admission for typical clinical manifestations of worsening HF resulting in the new administration of intravenous therapies, mechanical or surgical intervention, or provision of ultrafiltration, hemofiltration, or dialysis for the management of persistent or worsening HF. Worsening renal function was defined as an increase of serum creatinine ≥0.3 mg/dL (26.5 lmol/L) or ≥25% relative increase in serum creatinine from baseline to discharge.
Study Definitions and End Points
Statistical Analysis
Patients were divided into groups based on WHO obesity classification. Baseline clinical characteristics including
Clinical Perspective
What Is New?
• Higher baseline N-terminal-pro-b-type natriuretic peptide levels are associated with poor long-term clinical outcomes.
• While body mass index changes the distribution of Nterminal-pro-b-type natriuretic peptide (ie, an inverse relationship between natriuretic peptides and body mass index), it does not modify the prognostic significance of N-terminalpro-b-type natriuretic peptide for post-acute heart failure outcomes.
What Are the Clinical Implications?
• The prognostic significance of N-terminal-pro-b-type natriuretic peptide testing during acute heart failure exacerbation remains useful in patients with the highest or lowest body mass indices. Interaction between baseline WHO BMI class and both baseline NT-proBNP levels and change in NT-proBNP from baseline to 48 to 72 hours was evaluated using logistic regression for 30-day outcomes and Cox proportional hazards regression for 180-day outcomes. Similar interaction analysis was performed using continuous BMI as the interaction term. In addition, Cox proportional hazards and logistic regression were used to evaluate the association between baseline NTproBNP and change in NT-proBNP at 48 to 72 hours and the primary and secondary end points. The nonlinear relationship between change in NT-proBNP and the primary and secondary end points was modeled using linear piece-wise splines with a knot at zero. Odds ratios (ORs) were calculated for short-term outcomes and hazard ratios (HRs) for time to death censoring at 180 days. For the relationship between baseline NT-proBNP and outcomes, HRs or ORs estimate the change in risk associated with doubling of the baseline NT-proBNP. For the relationship between 48 and 72 hours change in NT-proBNP and outcomes, HRs or ORs estimate the change in risk associated with an increase/decrease of 1000 pg/mL from the baseline value.
Models were adjusted for covariates previously identified as being associated with clinical outcomes. [15] [16] [17] Outcomes of death or death/rehospitalization were adjusted for the following: region (North America or other), age, blood urea nitrogen, serum creatinine, serum sodium, chronic obstructive pulmonary disease, cerebrovascular disease, depression, dyspnea, systolic blood pressure, elevated jugular venous pulsation at baseline, randomized treatment assignment, and HF hospitalization within 1 year. 15 The outcome of worsening renal function was adjusted for randomized treatment assignment, blood urea nitrogen, systolic and diastolic blood pressures, and weight gain. 17 A 2-sided P<0.05 was selected as the threshold for statistical significance. There was no adjustment for multiple comparisons given the exploratory nature of this analysis. All statistical computations were generated using SAS software (version 9.4; SAS Institute Inc, Cary, NC). The institutional review board at each participating site approved the study. The Duke Clinical Research Institute performed database management and statistical analysis. Scios Inc (Mountain View, CA) provided financial and material support for the ASCEND-HF trial.
Results
Biomarker Study Population
A total of 686 patients were enrolled in the biomarker substudy population with documented NT-proBNP levels at baseline and 48 to 72 hours. Study participants had a median (25th, 75th) age of 67 years (55, 78), 71% were female, and median ejection fraction (EF) was 26% (20, 40) . Participants enrolled in the biomarker substudy were more often white (P<0.001), female (P=0.003), and recruited from North America (n=608; P<0.001), as compared with those not included in the biomarker substudy (Tables S1 and S2 
Baseline Clinical Characteristics by WHO Obesity Class
Patients in a higher WHO obesity class were significantly younger (P<0.001) and had a higher prevalence of medical comorbidities, including hypertension (P=0.033), diabetes mellitus (P<0.001), and chronic respiratory disease (P=0.024; Table 1 ). Patients in a higher obesity class had significantly lower prevalence of coronary artery disease and were less likely to have an ischemic etiology of HF compared with patients within lower WHO obesity classes. EF, smoking status, and alcohol use did not differ significantly between groups. Patients with HF with reduced EF (EF <40%) had similar rates of utilization of guideline-recommended medical and device therapies across all obesity classes (Table 1) . Presence of baseline loop diuretic use did not differ across groups. Patients with Class III obesity had significantly lower perceived quality of life as compared with patients within a lower obesity class. During the hospitalization, greater numbers of patients in higher obesity classes experienced weight gain, orthopnea, and peripheral edema, but had fewer signs of pulmonary congestion.
Baseline NT-proBNP differed markedly across BMI groups (Table 2 ). Patients within a high obesity class had significantly lower baseline NT-proBNP levels (P<0.001; Figure 1 ). Median (25th, 75th) baseline NT-proBNP level was 8760 pg/mL (4395-15125) for nonobese patients, 5289 pg/mL (2641-10754) in Class I obesity, 3573 pg/mL (2349-7748) in Class II obesity, and 3107 pg/mL (1454-5930) in Class III obesity. Patients within higher obesity classes also had smaller absolute reductions in NT-proBNP from baseline to 48 to (Figure 2 ).
NT-proBNP and Clinical Outcomes
The primary end point of 30-day death/hospitalization for HF occurred in 86 patients, 42 of which were designated as nonobese. With respect to the outcome of 180-day death, there were 78 events in the overall study population, 53 of which occurred in patients designated as nonobese.
Higher baseline NT-proBNP levels were associated with higher rates of the primary end point, 30-day death/ hospitalization for HF, in unadjusted analysis (Table 3) . This association was no longer significant following adjustment (adjusted P=0.25). Similarly, rates of the secondary outcome of 30-day death or all-cause hospitalization were higher in patients with higher baseline NT-proBNP levels, though these differences were also not significant in adjusted analyses (adjusted P=0.35).
Higher baseline NT-proBNP levels were strongly associated with increased risk of all-cause death rates censored at 180 days before and after adjustment (adjusted HR per doubling of baseline NT-proBNP 1.40; 95% confidence interval, 1.16, 1.71; P<0.001). Median follow-up time for this end point Change in NT-proBNP at 48 to 72 h, pg/mL
Percent change in NT-proBNP at 48 to 72 h, %
BMI indicates body mass index; NT-proBNP, N-terminal-pro-b-type natriuretic peptide.
was 180 days. For patients who did have a reduction in NTproBNP levels at 48 to 72 hours (n=604; 87.9%), unadjusted analysis showed that the risk of all-cause death rates censored at 180 days decreased as NT-proBNP decreased (unadjusted HR, 0.93 per 1000 pg/mL decrease in NT-proBNP from baseline; 95% confidence interval, 0.87, 0.98; P=0.014), though this relationship was not statistically significant after adjustment (P=0.41). Change in NT-proBNP levels at 48 to 72 hours was not associated with significant changes the rates of primary end point or other secondary end points (Table 4) .
Modifying Effect of BMI on NT-ProBNP Relationship to Outcomes
Categorical BMI class did not modify the relationship between baseline NT-proBNP and the end point of all-cause death rates censored at 180 days (adjusted interaction, P=0.24; Table 5 ). Specifically, the relationship observed between baseline NTproBNP and all-cause death rates censored at 180 days (adjusted HR per doubling of baseline NT-proBNP, 1.40; 95% confidence interval, 1.16, 1.71; P<0.001) did not differ with respect to a patient's WHO obesity class. There was also no significant interaction when continuous BMI was used as the interaction term.
Discussion
In this analysis, we found that patients within higher WHO obesity classes had significantly lower baseline NT-proBNP levels. Baseline NT-proBNP levels were significantly associated with 180-day mortality. BMI class did not modify the prognostic value of NT-proBNP on this outcome. Obesity was highly prevalent in this study population, with 16% of patients categorized as severely obese. 18 In our study, the high rate of severe obesity is particularly striking given that the cohort consisted predominantly of patients with reduced EF, as our analysis and others have shown that HF patients with preserved EF tend to be more obese. 18 The rise in severe obesity underscores the relevance of understanding how obesity may affect traditional signs, symptoms, laboratory values, and biomarkers commonly used in the diagnosis and prognosis of HF. Our study supports the inverse relationship between baseline BMI and NT-proBNP. Median levels of NT-proBNP were >5500 pg/mL lower in patients with Class III obesity as compared with nonobese patients. Multiple analyses have reported similar findings. 7, 8, 18 Mechanisms may include increased clearance of natriuretic peptides attributed to enzymes found in adipocytes and elevated glomerular filtration rates in the obese patient. 19 It has been hypothesized that the widely observed obesity paradox may be mediated by reduced myocardial stretch, as evidenced by lower circulating natriuretic peptides, and may be indicative of less-severe forms of HF, though this remains controversial and not empirically validated. 20 Notably, whereas absolute 48 to 72 hours reductions in NT-proBNP were greater in nonobese patients, percent reductions were similar across all obesity classes. Although requiring further validation, our analysis suggests that serial NTproBNP levels to evaluate for adequate decongestion may still be useful in the most obese patients.
Clinical Implications
Our study evaluated the complex relationship between NTproBNP, BMI, and outcomes. BNP and/or NT-proBNP is affected by many variables, including age, sex, comorbidities, and BMI. 21 Our study finds that higher NT-proBNP levels are Analyses adjusted for prespecified variables found to be correlated with outcomes. All models include baseline NT-proBNP as a covariate. Hazard ratio (HR) and odds ratio (OR) estimate the change in risk associated with an increase/decrease of 1000 pg/mL from the baseline value. The relationship between DNT-proBNP at 48 to 72 hours is nonlinear. Regression used piecewise linear splines with knot at DNT-proBNP=0. Thus, the linear relationship between delta NT-proBNP and clinical outcomes is modeled for patients with a decreased or no change in NTproBNP (D NT-proBNP ≤0) and those with increased NT-proBNP (D NT-proBNP >0) separately in the model. CI indicates confidence interval; HF, heart failure; NT-proBNP, N-terminal-pro-btype natriuretic peptide; rehosp., rehospitalization. *Adjusted for region (North America or other), age, blood urea nitrogen (BUN), serum creatinine, serum sodium, chronic obstructive pulmonary disease, cerebrovascular disease, depression, dyspnea, systolic blood pressure, elevated jugular venous pulsation at baseline, randomized treatment assignment, and HF hospitalization within 1 year. † Adjusted for randomized treatment assignment, BUN, systolic and diastolic blood pressures, and weight gain. Analyses adjusted for prespecified variables found to be correlated with outcomes. Hazard ratio (HR) and odds ratio (OR) estimate the change in risk associated with doubling of the baseline value based on a base-2 logarithm model. BL indicates baseline; CI, confidence interval; HF, heart failure; NT-proBNP, N-terminal-pro-b-type natriuretic peptide; rehosp., rehospitalization. *Adjusted for region (North America or other), age, blood urea nitrogen (BUN), serum creatinine, serum sodium, chronic obstructive pulmonary disease, cerebrovascular disease, depression, dyspnea, systolic blood pressure, elevated jugular venous pulsation at baseline, randomized treatment assignment, and heart failure hospitalization within 1 year. † Adjusted for randomized treatment assignment, BUN, systolic and diastolic blood pressures, and weight gain.
associated with poor long-term posthospitalization mortality levels, a finding consistently reflected across many studies. Consequently, a number of studies have indicated that moreobese patients have improved survival. [22] [23] [24] [25] Proposed mechanisms for the protective role of obesity on HF outcomes have included increased cardiac reserve and/or less-severe forms of HF. 26 Given (1) the inverse relationship between NT-proBNP and BMI and (2) proposed mechanisms that improved HF outcomes in more-obese patients are observed in conjunction with lower NT-proBNP levels, assessing whether BMI modifies the relationship between NT-proBNP and outcomes by obesity class is important and relevant. Our study shows that whereas BMI changes the distribution of NT-proBNP (ie, an inverse relationship between natriuretic peptide and BMI), it does not modify the prognostic significance of NT-proBNP on post-acute HF outcomes. Patients with higher NT-proBNP values had consistently worse long-term outcomes, regardless of their obesity class. Our study does not refute the presence of an obesity paradox, but rather suggests that a higher NT-proBNP was a universally poor prognostic sign in HF patients with no differential effect based on obesity class. Past studies have sought to understand how the prognostic value of NT-proBNP is modified by BMI in a number of scenarios, mostly in chronic HF. Nadruz et al similarly found that higher NTproBNP levels correlated with greater rates of cardiovascular death or HF hospitalization regardless of BMI. 27 Horwich et al found that BNP was a predictor of 1-year mortality independent of BMI class. 23 Another study of 618 chronic HF patients found similar prognostic power of NT-proBNP irrespective of BMI class. 28 These studies focused exclusively on a chronic HF 31 To our knowledge, this is the first investigation to assess the effect modification of BMI on the prognostic utility of NT-proBNP levels on clinical outcomes in an acute HF population. Baseline and change in NT-proBNP levels have been shown to be powerful prognostic factors in acute HF. [32] [33] [34] With the prevalence of obesity rising in North America, as evidenced by 50% of patients in our study population categorized as obese and 16% severely obese, our analysis provides evidence that NT-proBNP testing during acute HF exacerbation remains useful in patients with the highest or lowest BMIs.
Limitations
There are several limitations of the data that should be acknowledged. First, this analysis was post hoc and is subject to the biases of exploratory analyses. Furthermore, this analysis utilized a biomarker substudy population from the original ASCEND-HF study. The biomarker substudy was a nonrandomized sample, and includes a fraction of the total patients enrolled in ASCEND-HF, and therefore may be underpowered with respect to the interaction analysis and results should be viewed as hypothesis generating. Our analysis excluded patients with low NT-proBNP levels (<125 pg/mL for subjects aged <75 years; <425 pg/mL for subjects aged ≥75 years). Patients with HF with preserved EF have been shown to have significantly lower natriuretic peptide levels, even during acute decompensation, which may have skewed our analysis to a more-reduced EF cohort. 38 In addition, because of high missingness (>20% of patients) of EF measurements within the data, EF was not included as a covariate in the adjustment models, placing the results at risk for confounding. Findings in our analyses are subject to risk of other residual confounding. Because we used covariates previously identified as associated with outcomes in other ASCEND-HF analyses, we may not have included potential covariates which could affect the results. The evidence for the effect of race and sex on NT-proBNP as a useful prognostic tool in HF is unclear and conflicting 35 ; a substudy of the Dallas Heart Study 36 found that whites had higher NT-proBNP levels as compared with blacks and Hispanics whereas a Get With the Guidelines analysis found contradictory results. 37 For example, findings of increased rates of peripheral edema and orthopnea in more-obese patients may be attributed to confounding factors, such as venous stasis, obstructive sleep apnea, and right heart dysfunction observed in higher prevalence among obese patients. It can be conceived that the 48 to 72 NT-proBNP data assessment may be too early in the decongestion process and is therefore not reflective of full decongestion. Although this is plausible, greater than 40% reductions in NT-proBNP were noted across all BMI classes. A recent meta-analysis found that >30% reductions in NTproBNP levels are suggestive of adequate decongestion and reduced all-cause and cardiovascular mortality. 39 
Conclusion
In conclusion, whereas patients in higher obesity classes were generally younger and had more comorbid conditions, they were generally well balanced with respect to adherence to guideline-based therapies. Patients within higher obesity classes had lower baseline NT-proBNP levels, though percent reductions with decongestion at 48 to 72 hours did not significantly differ. In an acute HF cohort, baseline NT-proBNP levels were strongly associated with the long-term outcome of 180-day death. BMI did not modify the relationship of NTproBNP on the primary and secondary outcomes. Given the rapidly rising prevalence of obesity, additional studies are needed to assess the impact of obesity on the prognostic utility of biomarkers in HF. 
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